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A B S T R A C T
The global increase in the demand for and production of animal-source foods (four-to five-fold increase between
1960 and 2015), which has been mostly concentrated in low- and middle-income countries (LMIC), provides
smallholder livestock producers with an opportunity for improving their livelihoods and food and nutrition
security. However, across livestock production systems in many LMIC, limited supplies and high cost of good
quality feed severely constrains exploitation of this opportunity. In many of such countries, feeds and feeding-
related issues are often ranked as the primary constraint to livestock production and increased consumption of
animal-source foods. Here we review the complex biophysical, socio-economic and technological challenges
related to improving quality feed supply and the reasons for generally low adoption of apparently proven feed
enhancement technologies. We describe also successful interventions and conclude by recommending strategies
for improving quality feed supply in LMIC that account for and overcome the prevailing challenges.
1. Introduction
Livestock are an important livelihood source for over 900 million
small scale producers in low-and middle-income countries (LMIC), a
source of nutrient-dense animal source foods (ASF) and income for
members of such households (Dolberg, 2001). Livestock production
systems in LMICs range from extensive mobile pastoral to semi-in-
tensive urban and peri-urban small-scale production systems.
Demand for livestock products is increasing worldwide, particularly
in LMIC, fueled by population growth, urbanization, and rising incomes
(Alexandratos and Bruinsma, 2012). Per capita consumption of ASF
increased four to five-fold from the early 1960s to 2015 (Ritchie, and
Roser, 2017), with three fourths of this growth coming from LMIC
(Delgado, 2003; Delgado, 2005). By 2050, consumers in LMIC will
demand 107 million tons more meat and 5.5 million tons more milk
than they did in 2005/2007 (Alexandratos and Bruinsma, 2012). The
increase in demand pertains to both quality and quantity, especially as
incomes rise from USD 2 to 10 per day, particularly among urban
consumers who purchase livestock products from supermarkets
(Thornton et al., 2007).
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Though the livestock revolution can be an important opportunity for
increasing income for small scale producers in LMIC, various con-
straints limit their ability to take advantage of it. Among many sys-
tematic, bio-physical and socio-cultural problems, limited access to
quality feed is a major challenge across all production systems in LMIC
(Owen et al., 2012).
Feed affects livestock productivity, profitability, environmental
impact, human food and nutrition security, animal welfare and ethics,
and animal and human health (Makkar, 2016a). Financially, feed costs
account for up to 70% of the total variable costs of livestock production
and may reach 90% in more intensive systems (Makkar, 2016a). The
global value of purchased compound feed relative to total animal
output is about 30% on average for all production systems, and is 10%
for cattle, 40% for pigs and 80% for poultry (FEFAC, 2016). Good
quality feed improves livestock productivity, resulting in lower age at
first calving and shorter inter-calving interval, thus increasing pro-
ductive life and profitability (Linde et al., 2002). Proper feeding im-
proves animal immunity (Vighi et al., 2008), health, welfare, and re-
productive performance; enables higher productivity under a given
management regimen (Absalón-Medina et al., 2012) and contributes to
environmental sustainability by converting energy and nutrients from
land that is unusable by humans into highly nutritious food. Much of
the feed consumed from livestock is derived from such areas or inedible
agro-industrial byproducts. In fact, about 86% of the feed globally
consumed by livestock is not edible by humans (Mottet et al., 2017).
Properly implemented forage-based systems including silvopastoral
systems can reduce emissions from livestock (Rao et al., 2015). Proper
feeding can reduce the methane emissions from livestock farming by
increasing the ratio of feed used for production to that used for main-
tenance, also known as the maintenance dilution effect (Garg et al.,
2013). This is critically important since feed (production, processing),
and enteric fermentation contribute to 45% and 39%, respectively, of
the total emissions from livestock production (Steinfeld et al., 2006).
Lack of availability and access to quality feed continues to be the
most important limitation to livestock production in LMIC. For in-
stance, in six African and Asian focus countries of the Feed the Future
innovation Lab for Livestock Systems, feeds and feeding-related issues
were ranked consistently as the primary constraint to livestock pro-
duction and consumption of ASF (ME, 2018). There are, important
market opportunities and drivers for improving the supply of quality
feed in developing countries. These include population growth, urba-
nization and the rising incomes, and these demand factors provide a
strong rationale for improving the supply of quality feed in LMIC. The
demand is fueled by increasing human population and per capita in-
come and the concomitant increase in demand for ASFs (Steinfeld et al.,
2006). Such increases in production and demand for ASF have resulted
in a burgeoning of entrepreneurs engaged in livestock input production
and supply, including in the feed industry. For instance, between 2009
and 2016, compound feed production increased by 14.1% in USA,
18.9% in Brazil, 24.5% in Europe, 74.8% in China, and by 106.3% in
the Middle East and Africa, indicating that increases were greater in
areas that are growing quickly economically and demographically
(FEFAC, 2016).
The increase in demand for livestock feed has led to introduction of
a diverse set of technological solutions that promise to increase pro-
duction of quality feed with limited resources. These generally can be
categorized into five groups namely: 1. Feed productivity improve-
ment, aimed at improving biomass production or availability of feed; 2.
Feed quality enhancement, focused on improving nutritional value,
palatability, intake and digestibility of low quality feeds; 3. Feed
quality maintenance or preservation, aimed at preserving the nu-
tritional quality of feeds during storage for off-season feeding; and 4.
Enhancement of the nutritional status of animals, through supple-
mentation of animal diets with highly nutritious ingredients that supply
critical nutrients or enhance digestion and assimilation of feed. In ad-
dition, further technological development focuses on 5. Analytical and
operational technologies, such as improvements to feed quality ana-
lysis, quality control, marketing, packaging, transporting and feeding.
Table 1 provides descriptions of various technologies in these cate-
gories. Many LMIC are developing and implementing a combination of
these different categories of technologies for improving the supply of
quality feed. Some of the most commonly applied technologies include
introduction of improved forage varieties, enhancing the quality of
existing low quality crop residues and roughages, improving the pro-
duction and utilization of processed concentrates and agro-industrial
by-products, and encouraging involvement of the private sector in
supplying inputs for or in processing, preserving or marketing feeds. In
addition, efforts are focusing on building capacity for proper feeding
and nutrition, quality control and standardization of feed quality, and
relating prices to quality, through trainings and awareness creation
(Shapiro et al., 2015, 2017). Among these, the Livestock Systems In-
novation Lab is engaged in conducting feed landscape analyses to
document existing feed types, prices, availability, accessibility and
quantities, which will lead to development of or updating of feed da-
tabases/feed composition tables; testing of new planted and preserved
forage varieties on station, as well as on farm to incentivize adoption by
demonstrating potential animal productivity returns; determining nu-
trient requirements and methane emissions of indigenous small rumi-
nants and cattle; developing the capacity to use near infrared re-
flectance spectroscopy for feed analysis and developing communities of
practice to sustain the use of the systems; developing and deploying
ration formulation apps/software for matching nutrient needs and re-
quirements of indigenous and crossbred livestock; and examining ef-
fects of strategic supplementation on the performance of livestock.
Despite the availability and validation of various technologies that
can increase feed quality and supply in diverse agroecological and
production settings in LMICs, limited supply of quality livestock feed
continues to be a major constraint to livestock production. This is be-
cause of low adoption of such technologies by smallholder producers
who dominate farming in LMIC (Owen et al., 2012). This inadequate
supply of quality feed perpetuates global food insecurity directly by
limiting livestock productivity. The resulting limited supply and high
cost of livestock products, which is partly due to the high costs of feeds,
indirectly contributes to nutrition insecurity due to reduced avail-
ability, affordability and accessibility of ASF. Low ASF consumption
reduces intake of critical nutrients, which are lacking or less bioavail-
able in the plant foods that dominate diets of the poor in LMIC. Hence,
low ASF consumption contributes to malnutrition or stunting and the
associated reductions in growth, health, and cognitive development, of
children, particularly infants in the first 1000 days of life (Martorell,
2017). Childhood stunting of the workforce in LMIC has also been as-
sociated with reduced earning capacity and gross domestic product of
nations (Prendergast and Humphrey, 2014). Consequently, inadequate
quality feed supply directly and indirectly contributes to global food
and nutrition insecurity and the attendant problems.
These severe effects of inadequate quality feed supply described
above call for a revision of the approach of introducing and promoting
feed improvement technologies in LMIC. Traditionally, the focus has
been on validation of the efficacy of such technologies but as much
focus should be given to adoption and scaling them in the complex
socioeconomic settings in LMIC. In addition, better targeting of specific
technologies to appropriate farming systems is needed. This review
contributes to the existing literature on feed resources by characterizing
the complex biophysical, socio-economic and technological challenges
related to improving quality feed supply and the reasons for generally
low adoption of apparently proven feed enhancement technologies. We
also describe successful interventions and recommend strategies for
improving quality feed supply in LMIC that account for and overcome
the prevailing challenges.
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1.1. Challenges of improving the quantity, quality, supply and utilization of
feeds by livestock
The challenges of improving feed quality and quantity in LMIC are
related to a complex range of biophysical and socio-economic con-
straints. In many countries, the most significant and prevalent chal-
lenges are associated with the depletion of the resource-base for feed
production such as through over grazing and land mismanagement
(Shiferaw, 2011), and the inherently low quality of common feed re-
sources such as crop-residues and natural pasture. Low quality crop-
residues and natural pasture are the main source of feed in LMIC, for
instance they account for 95% of the feed biomass in Ethiopia (FAO,
2018). Commonly introduced strategies to alleviate these problems,
such as introduction of improved forages, improving crop residue
quality, supplementary feeding, zero grazing and grazing land re-
habilitation, have not been very successful due to low adoption by li-
vestock producers (Gebremedhin et al., 2003a). For example, in
Ethiopia, planted forages make up only less than 1% of cultivated land
(Mekasha et al., 2014), despite more than 50 years of testing forage
varieties on experimental sites all over the country (ME, 2018). Simi-
larly, the use of urea treatment of straw, an effective technology in
experimental stations, is rarely sustained beyond the life of funded
projects, partly because economic and sociocultural issues are not suf-
ficiently addressed (Owen et al., 2012). A possible exception is China
where government support for the technology has been strong.
Adoption of livestock feed interventions in LMIC is complex and
often technically attractive interventions that are effective in other
countries are not readily taken up by smallholder farmers in LMIC
(Jackson, 2009). Constraints to adoption of technologies are often
context-specific and may involve conditions over which local farmers
have no control (Sterk et al., 2013). The diversity in production systems
in LMIC also limits adoption by making it difficult to develop tech-
nologies that fit each system (Table 2; Reece and Sumberg, 2003).
Additional constraints include limited and underdeveloped extension
services (Davis, 2008); limited financial support to farmers (Adjognon
et al., 2017); and limited market incentives that make investment in
technology worthwhile (Jenkins and Miklyaev, 2014).
Sourcing adequate feed for livestock may require land that is used
for production of cash crops, and this partly explains poor uptake of
introduced forages in some LMIC (Romney et al., 2003). Labor is a
further constraint as farmers are reluctant to invest in labor-demanding
feed technologies with uncertain returns. For instance, the labor
demand for cutting, drying and storing of hay may coincide with a time
of the year when such labor could be used more profitably (Coppock,
1991). Lack of access to capital for equipment is another constraint; for
instance, silage production adoption is hindered by both the high cost
of silage equipment and the labor-intensiveness of manual silage
making. The scale at which smallholders in LMIC operate is also an
important systemic constraint. The small number of animals on small-
holder farms in most LMIC (often less than 10) militates against in-
vestment in technologies with small returns. A cost-benefit analysis of
fattening small ruminants using concentrate feeds in Ethiopia revealed
that the cost of feed was too high relative to the profit (Jenkins and
Miklyaev, 2014). Fertilization of degraded pasturelands in Tigray,
Ethiopia has resulted in a 4.7-fold increase in forage yield and tripling
of harvesting frequency, but the technology was not adopted, because
inorganic fertilizers are too expensive and do not help during droughts
(ILRI-LIVES, 2016). Similarly, urea treatment was mostly successful
when implemented by larger farms in India rather than among small-
scale producers (Owen et al., 2012).
Besides these systemic constraints, many feed improvement tech-
nologies do not fully address a major issue, which is inadequate yield of
quality forage. For example, forage legumes have high nutritive value,
but lower biomass yields than low quality forage grasses. Therefore,
they may not be appreciated and adopted when availability of biomass
is the major need. A study of fodder tree preference in Ethiopia revealed
that nutritive value is just one among more than twenty criteria that
farmers and pastoralists use to choose what to plant (Balehegn et al.,
2015). In fact, many farmers in LMIC do not really understand the
concept of nutritive value, and rather focus more on providing bulky
feeds that promote gut fill but lack critical nutrients. Rumen or gut-fill
was the fourth most important criteria, out of 22 local criteria, used by
farmers and pastoralists in Ethiopia to choose which fodder tree to plant
(Balehegn et al., 2015). This was also evident from a discussion with
small-scale farmers in Niger and an ongoing study by the Feed the
Future Innovation Lab for Livestock Systems in Burkina Faso, which
noted that farmers feed their animals to fill their guts rather than to
satisfy specific nutrient requirements. Clearly, a significant need exists
for researchers and extensionists to raise awareness about the im-
portance of forage quality among farmers and pastoralists in LMIC.
Institutional and policy level barriers also limit the adoption of
technically superior technologies. Conventional adoption studies have
tended to focus on identifying household characteristics that predispose
to technology adoption (Gebremedhin et al., 2003a). These studies
Table 2
Some constraints to adopting technologies for improving feed quality and quantity in low- and middle-income countries.
Category Technology Constraints for adoption References
Feed productivity improvement Grazing management Adherence to free grazing, large herd sizes and numbers, resistance to
destocking and breed replacement, lack of know how or potential
benefits
Gebreyohannes and Hailemariam,
2011a; Cao et al., 2013
Fertilization of degraded
pasturelands
Fertilizers may be too expensive compared to the output obtained;
recurrent drought situations may result in reduced yield despite
application of fertilizers
ILRI-LIVES, 2016
Exclosures Conflicts in sharing forage produced in communal exclosures.
Produce insufficient forage to be sustainable
Gebremedhin et al., 2003b;
Gebregziabher et al., 2017
Introducing improved forages Low yields on smallholder farmer's fields due to lack of quality seeds,
land, water, fertilizer, and technical knowledge; limited extension
support
Sullivan, 2001; Mekoya et al., 2008
Multipurpose fodder trees Most are not adapted to local socio-ecological settings. Farmers lack
the requisite technical knowledge in planting, harvesting, utilization,
etc.
Franzel et al., 2014
Forage seed production Forage seeds are expensive, may be low yielding or poorly adapted to
smallholder farmer's environments
Duncan et al., 2011
Feed quality enhancement Crop residue treatment Lack of knowledge, labor and capital Owen et al., 2012
Enhancement of the nutritional
status of animals
Supplementation with
concentrates
Unaffordable by small holder farmers. Higher cost of feed coupled
with lower price of animal produce makes concentrate
supplementation unprofitable.
Jenkins and Miklyaev, 2014;
Lukuyu et al., 2011
Introducing multi-nutrient
blocks
Resource and labor intensive. Ingredients are usually unavailable and
unaffordable to smallholder farmers
Sansoucy, 1995
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often rightly conclude that farmer characteristics such as level of edu-
cation or extent of contact with extension services are important de-
terminants of adoption, but they miss the larger questions around
higher-level barriers to change in the livestock feed sector in LMIC. In
addition to the biophysical, household demographics and farm level
factors, it is important to account for the importance of value chain
level or institutional factors and regional or national policy issues that
hinder technology adoption, entrepreneurship and commercialization
(Klerkx et al., 2010).
Adoption is also limited because interventions fail to adequately
account for sociocultural factors that are important to farmers.
Smallholder farmers lack the resources and sometimes the incentives to
adopt many introduced technologies. Many rural livestock producers,
particularly pastoralists, have other priorities such as keeping livestock
as a status symbol. Rather than feeding their animals to grow faster,
they focus on maximizing the number of animals, even at the expense of
productivity, thus they are not interested in feed improvement tech-
nologies. In addition, shortage of inputs, weak input and output mar-
kets and poor interaction among value chain actors, makes feed ex-
penses too high, limiting the uptake of feed technologies (Kebebe,
2019). In Tanzania a forage chopper thought to be suitable for both
sexes (because it reduces labor) was not adopted by women because of
gender dynamics within the farmer groups (Fischer et al., 2017). This
was because men tended to have greater access to the equipment be-
cause they claimed women had “lower technical skills”. Forage vari-
eties that showed promise in on-station research sometimes did not
show the same promise on farms, because they failed to adapt to local
socioecological settings, which are usually very different than the on-
station biophysical conditions (Sullivan, 2001; Mekoya et al., 2008).
This explains why farmers/pastoralists have very different forage pre-
ferences relative to recommendations of forage agronomists and animal
nutritionists (Mekoya et al., 2008; Balehegn et al., 2015).
Weak extension systems also limit adoption of feed technologies and
this may be considered among the main constraints. (Kebebe, 2019). In
many feed development projects, sustained extension support beyond
life of research projects is completely lacking in most LMIC (Shapiro
et al., 2015). Where they exist, extension services in many LMIC focus
on crop production, which is usually prioritized to achieve human food
security at the expense of livestock production. For instance, in many
rural areas in Ethiopia, livestock development agents are required to
engage in months of extensive crop production activities thus aban-
doning support for the livestock production sector (Tolera et al., 2012).
Underdeveloped feed value chains dominated by artisanal and
small-scale producers (Ayantunde et al., 2014) are also important
constraints to feed development in LMIC. Fig. 1 shows a typical LMIC
feed value chain with emphasis on the weakest linkages that need de-
velopment and the strongest ones that need to be enhanced. The feed
value chains in LMIC are characterized by: limited capacity to produce
feeds and feed ingredients (Van der lee et al., 2014) and exploit the
production capacity of feed mills; marked seasonal and other fluctua-
tions in ingredient supply and quality (Singh et al., 2013; Lukuyu et al.,
2016); supply logistics challenges particularly for bulky crop residues;
and absence of market incentives for improving quality such that prices
are unrelated to quality. Additional factors include absence of vibrant
seed systems for forage species; weak governance of the value chain;
absence of market information systems; and absence of enabling po-
licies (Konlan et al., 2018). In many LMIC, quality and safety regulatory
institutions also either do not exist or lack the means or authority to
incentivize or deploy penalties. Consequently, there is limited aware-
ness among smallholders about the value of feed quality and safety
regulation (Tolera et al., 2012). Yet a well-developed feed value chain
with active participation of the private sector is critical for encouraging
innovation and adoption of technologies in the feed sub-sector.
The aforementioned highlights the fact that development and in-
troduction of feed improvement technologies alone are not enough.
Rather, it is critical to also understand the contextual factors that
facilitate or hinder their uptake in specific communities (Kebebe,
2019). Approaches that recognize and address the multiple and varied
objectives of smallholders and the associated tradeoffs are required for
successful implementation of livestock development projects (Salmon
et al., 2018). Holistic understanding of technology adoption by small-
holder famers requires a shift from the household characteristics-based
understanding of technology adoption to considerations of factors af-
fecting adoption at different aggregation levels including the farm
household, value chain, institution and national policy (Bergek et al.,
2015).
2. Successful feed enhancement interventions and underlying
factors
Despite the challenges described above, several introduced feed
technologies have improved supply of quality feed and livestock pro-
ductivity and have been successfully adopted, scaled and some have
directly increased incomes (White et al., 2013). Examples include
brown midrib sorghum in central America (Rodriguez, 2013), Desho
grass in Ethiopia (Asmare et al., 2016), Brachiaria in Brazil and Kenya
(Jank et al., 2014; Maina et al., 2019), cowpea in West Africa (Tarawali
et al., 2002), corn silage production in semi-arid China (Gansu
Economic Daily, 2018) and Ficus thonninningii trees in northern Ethiopia
(Balehegn et al., 2014a). Table 3 describes some successful feed im-
provement technologies in various LMIC and agro-ecologies.
Most of the successes did not depend on the nature of technologies
per se, but on specific local conditions that facilitated their adoption by
farmers (Gebremedhin et al., 2003a). For instance, successful adoption
of forage legumes depends on their ability to meet farmers’ needs,
building relevant partnerships, understand the socio-economic context
and skills of famers and participatory involvement of communities,
particularly champions (Shelton et al., 2005). That success is not based
just on the technology is evident because technologies, which have not
been adopted in sub-Saharan Africa, e.g. crop residue ammoniation,
have been adopted in China and to a lesser extent in India (Owen et al.,
2012). Technologies such as urea treatment of crop residues work only
when they are properly implemented (Owen et al., 2012; Salem and
Smith, 2008) and when adequate resources, infrastructure and tech-
nical skills are available for their use in smaller scale production sys-
tems. Thus, feed development interventions that succeed are those that
focus on technologies that are good fits for the prevailing socio-eco-
nomic and cultural settings. Consequently, to facilitate adoption, par-
ticipatory technology development should be coupled with extension
efforts that recognize agro-ecological and socio-economic contexts as
well as appreciating and incorporating knowledge from various sources,
rather than from scientists or researchers alone (Leeuwis and Aarts,
2011; Conroy, 2005). Moreover, due to the multifaceted nature of feed
challenges in LMIC, feed technologies that deliver multiple benefits are
often more successful. An enabling environment that supports and or
rewards technology adoption by farmers is also an important pre-
requisite for success (Van Huis et al., 2007).
Further, success has also resulted from adoption of a combination of
technologies (package-approach) that result in synergistic improve-
ments in profits such as providing improved feeds to high genetic merit
livestock breeds with greater performance potential or improving ca-
pacity in feed quality analysis and marketing (Redjal, 2005). Additional
examples are improved forage introduction and silvopasture in semi-
arid Ethiopia (Balehegn et al., 2014a), which provided simultaneous
solutions to different challenges including feed scarcity, land degrada-
tion, and lack of fuel wood, or the dual-purpose (food and feed) brown
midrib sorghum variety in South America (Sánchez-Duarte et al., 2019),
which provided more digestible stover for animal feed as well as grain
for human consumption. Such approaches require proper evaluation of
technologies and their fit to given social and agroecological systems
from the outset. The Livestock Systems Innovation Lab EQUIP-FEED
project follows this package or holistic approach to try to solve the
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livestock feed problems in Ethiopia and Burkina Faso (see http://
livestocklab.ifas.ufl.edu/projects/feed-project). The project has five
components across the feed value chain and aims to develop the
knowledge, skills, tools and products in the production, processing and
utilization of feed towards an eventual increase in the supply of quality
feed in Burkina Faso and Ethiopia. The five components aim to im-
plement important solutions across the feed value chain namely; 1:
Understanding available feed resources and their challenges; 2. Develop
best-bet forage options that are adapted to various agro-ecologies; 3.
Develop more accurate nutrient requirement values for local and cross-
bred animals and develop rations that are better nutritionally and cost
wise.; 4. Improve the capacity for analysis and quality standardization
for feeds to improve commercialization of the feed sector; and 5. De-
monstrate the synergistic effect of improved feeding, dairy management
and breeding on dairy productivity.
Growing market oriented urban and peri-urban dairy and fattening
systems in towns all over sub Saharan-Africa and South East Asia
(Alarcon et al., 2017) are also associated with increased demand for
feed. As a result, small-scale fodder marketing and growing of high
yielding forage cultivars is increasing (Ponnusamy et al., 2017). While
most fodder sellers are small scale producers who produce more feed
than they need for their own animals (Lukuyu et al., 2016), there is a
continuously growing demand for fodder markets from urban and peri-
urban commercial livestock producers (Singh et al., 2013).
3. Conclusions and implications
Limited supply of quality feed is the main constraint to development
of the livestock sector in many LMIC, and it constrains attainment of
food and nutritional security. Despite the wealth of ‘research-proven’
technologies that can be used to improve feed and hence livestock
production in smallholder systems in such countries, only a few success
stories exist because of the low level of adoption of the “promising”
technologies by the farmers.
The failures of adoption of feed improvement technologies result
from systemic constraints that make their adoption challenging and
from paying inadequate attention to sociocultural and economic norms.
Even when technical and resource limitations are addressed, the limited
scale of improvement in livestock productivity from some technologies
may not adequately incentivize adoption of the technology.
Where success stories with widespread adoption of technologies
exist, they are often driven by financial and market incentives and or by
simultaneous provision of solutions to different problems while ad-
dressing socioeconomic factors. Such examples typically require colla-
boration between research, extension and financial institutions.
Therefore, participatory technology development involving various key
stakeholders (farmers, extension, financial institutions, the private
sector) is a promising approach. While it is important to increase the
diversity of potentially appropriate ‘working technologies’ that target
specific agro-ecologies and production systems, it is also critical to
understand their fit to the specific context and to ensure that the en-
abling environment exists. The Techfit tool (now redesigned as the
Intervention Ranking Analysis Tool in FEAST) (Duncan et al., 2012), for
example, attempts to match technologies to local conditions con-
sidering important context-specific constraints. Such tools help re-
searchers to think through the characteristics of the local system in-
cluding the prevailing sociocultural and other norms, and thus select
those that are most likely to be widely adopted.
Feed-related constraints are only a subset of the range of challenges
faced by smallholder farmers. Other overriding challenges should be
considered such as lack of market access for selling livestock or their
products, lack of finances, low genetic merit livestock breeds that in-
adequately respond to improved feeding, and diseases that limit animal
productivity. Therefore, a ‘package approach’ that improves various
production aspects and or various components of the value chain is
more likely to be successfully adopted. It is also critical to ensure pri-
vate sector engagement from the outset to ensure sustainability and
scaling of the intervention after donor or research funding ends.
Fig. 1. A typical feed value chain in low- and middle-income countries (thin arrows show weaker links and the thick bold arrow shows the only strong link, i.e., high
demand for all types of feeds from intensive and semi-intensive commercial producers).
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Finally, given the complexity of the problem of adoption of feed
technologies by smallholders, future research in the livestock sector
should shift from developing new technologies towards assessing socio-
cultural and institutional barriers to adoption of technologies and
finding innovative ways of bypassing such barriers (Kebebe, 2019). This
entails a shift from the bio-physical focus to developing alternative
institutional arrangements that improve engagement of stakeholders,
including farmers, the private sector and strengthening of the value
chain (Peters et al., 2001; Lenné et al., 2003; Kebebe, 2019). There is
also an urgent need for prioritizing and reforming specific regulations
and policies that currently deter or limit private sector investment in
small- and medium-sized agribusinesses in the feed value chain. Col-
lectively, these approaches will facilitate adoption of feed technologies,
improve livestock productivity and contribute to reducing food and
nutrition insecurity problems in LMIC.
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